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Abstract 
  
The traditional methods for broiler processing constitute the major part in 
Sudan. However, these methods are rather primitive and the chances for product 
contamination are sure.  This study was conducted to determine the types of 
aerobic bacteria associated with broiler processing in the traditional sector. 
Broilers reared in selected small scale poultry farms located in Khartoum North 
were studied during the period March - December 2006. The aerobic bacterial 
load of the final product was also determined. Swab samples were taken from 
live bird cloacae, hands of workers and knives. Water samples of scalding, 
washing and chilling tanks were also examined. Total aerobic bacterial profile 
was determined for fresh carcasses and after frozen storage for 7 and 14 days to 
determine the effect of freezing on bacterial flora of the product using whole 
carcass rinse method. One hundred and sixty two aerobic bacterial isolates were 
obtained. Eighty-three of them were Gram-positive. The isolates were identified 
according to their microscopic, cultural and biochemical characteristics to the 
species level. Out of twenty-two species identified, 11 were Gram-positive. 
These were    Micrococcus spp. (25%) , Staphylococcus spp. (14.8%), Bacillus 
spp. (14.8%), Pseudomonas spp. (8.6%), E.coli (12.3%), Klebsiella spp. (9.2%) 
, Proteus spp. (6.1%), Actinobacillus spp. (4.3%), Citrobacter spp. (3.7%), 
Aeromonas spp. (2.4%) and Salmonella spp. (3%). The pathogens isolated were 
Staphylococcus spp., Salmonella spp., Klebsiella spp. and E.coli. These 
pathogens were isolated from all stages of processing including the last stage.    
High recovery rates from hands and chilling water samples indicated that these 
sites are the main sources of carcass contamination and /or recontamination. 
Most bacterial types were isolated from all sources; least isolation was from 
scalding water. There was significant difference (P>0.05) between bacterial 
groups isolated from the different sites which can be due to improper hygienic 
 XV 
 
procedures implemented during the processing stages. The mean values for 
aerobic bacterial counts for fresh carcasses and carcasses frozen for 7 and 14 
days were log10 5.1 CFU/ml, log10 4.1 and log103.5 CFU/ml, respectively. A 
significant difference between bacterial counts on carcasses stored frozen for 
different periods was found indicating that freezing reduces the bacterial load 
on carcasses. The above results suggest that much care should be taken 
throughout the processing operations to improve the quality and safety of the 
end product.   
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  اﻟﻤﺴﺘﺨﻠﺺ
رﻏѧﻢ ان هѧﺬﻩ اﻟﻄѧﺮق ﻏﻴѧﺮ ،  ﺗﻤﺜﻞ اﻟﻄﺮق اﻟﺘﻘﻠﻴﺪﻳﺔ ﻻﻧﺘﺎج اﻟﺪﺟﺎج اﻟﻼﺣﻢ اﻟﻘﻄﺎع اﻻﻋﻈﻢ ﻓﻰ اﻟѧﺴﻮدان 
اﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳѧﺔ ﻟﺘﺤﺪﻳѧﺪ اﻧѧﻮاع اﻟﺒﻜﺘﺮﻳѧﺎ اﻟﻬﻮاﺋﻴѧﺔ اﻟﻤѧﺼﺎﺣﺒﺔ ﻻﻧﺘѧﺎج . ﻣﺘﻄﻮرة وﻓﺮص ﺗﻠﻮث اﻟﻤﻨﺘﺞ ﻣﺆآﺪة 
 ﻓѧﻰ اﻟﻔﺘѧﺮة ﻣѧﻦ  ﺷѧﻤﺎل ﺑﻤﻨﻄﻘﺔ اﻟﺨﺮﻃﻮم   ﻓﻰ ﻣﺰارع دواﺟﻦ ﺻﻐﻴﺮة وذﻟﻚ ،اﻟﺪﺟﺎج اﻟﻼﺣﻢ ﻓﻰ اﻟﻘﻄﺎع اﻟﺘﻘﻠﻴﺪى 
 اﺧﺬت ﻣﺴﺤﺔ ﺟﺮﺛﻮﻣﻴﺔ ﻣﻦ ﻓﺘﺤﺔ اﻟﻤﺠﻤﻊ ،ﺘﺤﺪﻳﺪ اﻟﺤﻤﻞ اﻟﺒﻜﺘﻴﺮى ﻟﻠﻤﻨﺘﺞ اﻟﻨﻬﺎﺋﻰﻟ . 6002ﻣﺎرس اﻟﻰ دﻳﺴﻤﺒﺮ 
 ﺟѧﺮى . اﻟﻐѧﺴﻴﻞ واﻟﺘﺒﺮﻳѧﺪ  و  ﻋﻴﻨѧﺎت اﻟﻤѧﺎء ﻣѧﻦ أوﻋﻴѧﺔ اﻟﻐﻤѧﺮ ﺖ ﻓﺤѧﺼ واﻟﺴﻜﺎآﻴﻦ وأﻳﺪى اﻟﻌﻤﺎل، وﻟﻠﻔﺮاخ اﻟﺤﻴﺔ 
اﻟﺘﺠﻤﻴѧﺪ ﻋﻠѧﻰ اﻟﺒﻜﺘﺮﻳѧﺎ  ﺗﺎﺛﻴﺮ  ﻳﻮم ﻟﺘﺤﺪﻳﺪ 41 و 7ﺟﺔ واﻟﻤﺠﻤﺪة ﻟﻤﺪة  اﻟﺤﻤﻞ اﻟﺒﻜﺘﻴﺮى اﻟﺤﻰ ﻟﻠﻔﺮاخ اﻟﻄﺎز ﻓﺤﺺ
.  ﻣﻮﺟﺒѧﺔ اﻟﺠѧﺮام 38 آﺎﻧﺖ ﻋﺰﻟﻪ 261 ﻣﻦ ﺑﻴﻦ.اﻟﻤﻮﺟﻮدة ﻓﻰ اﻟﻤﻨﺘﺞ ﺑﺎﺳﺘﺨﺪام ﻃﺮﻳﻘﺔ ﻣﻐﺴﻮل اﻟﺬﺑﻴﺤﺔ اﻟﻜﺎﻣﻠﺔ 
 ﻧѧﻮع 22ﻣﻦ ﺑѧﻴﻦ . اﻟﺠﻨﺲ  اﻟﺰرﻋﻴﺔ و اﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴﺔ اﻟﻰ ﻣﺴﺘﻮى ، اﻟﻌﺰﻻت وﻓﻘﺎ ﻟﺨﺼﺎﺋﺼﻬﺎ اﻟﻤﺠﻬﺮﻳﺔ ﻋﺮﻓﺖ
، %(8.41)،اﻟﻌѧѧѧﺼﻴﺎت %(8.41)، اﻟﻌﻨﻘﻮدﻳѧѧѧﺔ %(52)اﻟﻤﻴﻜﺮوآѧѧѧﻮآﺲ  :  وهѧѧѧﻰ ﻣﻮﺟﺒѧѧѧﺔ اﻟﺠѧѧѧﺮام11 آѧѧѧﺎن
، %(7.3)، اﻟѧѧѧѧѧѧѧѧѧѧﺴﻴﺘﺮوﺑﺎآﺘﺮ%(3.4)، اﻻآﺘﻴﻨﻮﺑﺎﺳѧѧѧѧѧѧѧѧѧѧﻴﻠﺲ %(1.6)، اﻟﺒﺮوﺗﻴѧѧѧѧѧѧѧѧѧѧﻮس%(6.8)اﻟﺰاﺋﻔѧѧѧѧѧѧѧѧѧѧﺔ 
%(. 3.21)و اﻻﺷѧѧѧѧﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴѧѧѧѧﺔ %(  2.9)، اﻟﻜﻠﺒѧѧѧѧﺴﻴﻼ %( 3)، اﻟѧѧѧѧﺴﺎﻟﻤﻮﻧﻴﻼ %(4,2)اﻻﻳﺮوﻣﻮﻧѧѧѧѧﺎس
 اﻟﺒﻜﺘﻴﺮﻳѧﺎ ﻋﺰﻟѧﺖ.اﻟﻜﻠﺒѧﺴﻴﻼ واﻻﺷѧﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴѧﺔ، اﻟѧﺴﺎﻟﻤﻮﻧﻴﻼ،  اﻟﻤﻤﺮﺿѧﺔ اﻟﺘѧﻰ ﺗѧﻢ ﻋﺰﻟﻬѧﺎ اﻟﻌﻨﻘﻮدﻳѧﺔاﻟﺒﻜﺘﺮﻳѧﺎ
اﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ ﻣﻌﺪل اﺳﺘﺮﺟﺎع ﻋﺎﻟﻰ ﻟﻠﺒﻜﺘﺮﻳﺎ ﻣﻦ .  اﻻﻧﺘﺎج ﺑﻤﺎ ﻓﻴﻬﺎ اﻟﺨﻄﻮة اﻟﻨﻬﺎﺋﻴﺔ ﻣﺮاﺣﻞاﻟﻤﻤﺮﺿﺔ ﻣﻦ آﻞ 
. و اﻋﺎدة اﻟﺘﻠѧﻮث / ر رﺋﻴﺴﻴﺔ ﻟﻠﺘﻠﻮث او  اﻟﻤﻮاﻗﻊ ﻣﺼﺎد  ﻳﺪل ﻋﻠﻰ ان هﺬﻩ اﻳﺪى اﻟﻌﻤﺎل وﻣﺎء اﻟﻐﺴﻴﻞ واﻟﺘﺒﺮﻳﺪ ﻣﻤﺎ 
 ﻣﻌﻨﻮﻳѧﺔ  ﺎ ﻓﺮوﻗѧ ت اﻟﻨﺘѧﺎﺋﺞ  اﻇﻬѧﺮ . ﻣﻌﻈﻢ اﻧﻮاع اﻟﺒﻜﺘﺮﻳﺎ ﻣﻦ آﻞ اﻟﻤﺼﺎدر واﻗﻞ ﻋﺰل آﺎن ﻣﻦ ﻣѧﺎء اﻟﻐﻤѧﺮ ﺖﻋﺰﻟ
 ﻟﻠﻄѧﺮق ﻏﻴѧﺮ اﻟѧﺼﺤﻴﺔ  ذﻟѧﻚ ﺑﻴﻦ ﻣﺠﻤﻮﻋﺎت اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ ﻣﻦ اﻟﻤﻮاﻗѧﻊ اﻟﻤﺨﺘﻠﻔѧﺔ  وﻗѧﺪ ﻳﻌѧﺰى ( 50.0>P)
ﺘﻮﺳѧﻂ اﻟﻘѧﻴﻢ ﻟﻠﻌѧﺪ اﻟﺒﻜﺘﻴѧﺮى اﻟﺤѧﻰ ﻟﻠѧﺬﺑﺎﺋﺢ اﻟﻄﺎزﺟѧﺔ واﻟѧﺬﺑﺎﺋﺢ اﻟﻤﺠﻤѧﺪة آѧﺎن ﻣ .  اﻟﻤﺘﺒﻌﺔ اﺛﻨﺎء ﺧﻄѧﻮات اﻟﺘѧﺼﻨﻴﻊ 
  آﻤѧﺎ آﺎﻧѧﺖ هﻨѧﺎك .اﻟﺘﺮﺗﻴѧﺐ  وﺣѧﺪة ﻣѧﺴﺘﻌﻤﺮة ﻟﻠﻤﻠﻤﻴﺘѧﺮ ﻋﻠѧﻰ 5.3 و ﻟѧﻮ 1.4 ﻟѧﻮ و1.5   ﻳﻮم  ﻟѧﻮ 41 و 7ﻟﻤﺪة
 اﻟﺘﺠﻤﻴѧﺪ ﻓѧﻰ ﺗﻘﻠﻴѧﻞ ﻟﺘѧﺎﺛﻴﺮ ﻓﺮوق ﻣﻌﻨﻮﻳﺔ ﻓﻰ ﻗﻴﻢ اﻟﻌﺪ اﻟﺒﻜﺘﻴﺮى اﻟﺤﻰ ﻟﻠﺬﺑﺎﺋﺢ اﻟﻤﺠﻤﺪة ﻟﻔﺘﺮات ﻣﺨﺘﻠﻔﺔ  ﻣﻤﺎ ﻳﺸﻴﺮ 
ﺰﻳﺎدة اﻻهﺘﻤﺎم ﺑﺎﻟﻄﺮق اﻟﺼﺤﻴﺔ أﺛﻨﺎء ﻋﻤﻠﻴﺎت اﻻﻧﺘﺎج ﻟﺮﻓѧﻊ ﻣѧﺴﺘﻮى ﺗﻮﺻﻰ اﻟﺪراﺳﺔ ﺑ . اﻟﺤﻤﻞ اﻟﺒﻜﺘﻴﺮى اﻟﺤﻰ 
  .ﺟﻮدة وﺳﻼﻣﺔ اﻟﻤﻨﺘﺞ اﻟﻨﻬﺎﺋﻰ 
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Introduction 
 
Broiler chickens population in Sudan was estimated to be 22.517.000 
chicks. Traditional sector (small farms) produces about 60% of the total 
broiler production and the modern sector (companies) produces the rest 
(Ministry of Animal Resources & Fisheries (MARF) , 2004). Recently, the 
commercial poultry sector became more dynamic and is rapidly overcoming 
the domestic food shortage in poultry products. 
 Poultry are slaughtered to produce chilled, frozen, pre-cooked and 
fully cooked products including whole carcasses, cut-up pieces and further 
processed products. Finished products are usually stored for as short a time 
as possible, because they have a shelf-life of 7 to 10 days. Frozen products 
may be stored for a longer period in adequate freezing conditions. 
Two quite different groups of microorganisms are relevant: on the one 
hand certain food borne pathogens remains an important public health issue, 
because it can lead to illness and mortality if there are malpractices in 
handling, cooking or post cooking storage of the product , and on the other 
hand organisms that are generally not harmless to human health, but being 
psychrotrophic are able to multiply on the product during chill storage.  
Numerically, the most important agents are Salmonella and Campylobacter 
spp. Data for European Union (EU) show that in 2001, there were 157822 
reported cases of human salmonellosis and 156232 cases of Campylobacter 
enteritis (Cavitte., 2003),  nevertheless,  no data were so far available 
concerning broiler meat poisoning in Sudan. 
Broiler meat consumption is known as one of the main sources of 
food- borne infections in humans (Fitzgerald et al., 2001).   
Feather, skin, feet and alimentary tract of live broiler entering 
commercial processing facilities are heavily contaminated with a diverse 
native microbial flora (Koutla and Pandya, 1995). Although processing 
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generally reduces microbial contamination of broiler carcasses (Geornaras 
and von Holley, 2000), cross-contamination between carcasses, processing 
water, and equipment may actually increase the level of carcass 
contamination during some processing steps (Thomas and McMeekin, 1980; 
Frise and Graw, 1999). Heavy contamination shortens the shelf life of 
carcasses; furthermore some of these contaminants may be frank or potential 
pathogens to the consumers.   
The main objectives of this study are to:  
1. identify aerobic bacteria and main pathogens during processing. 
2. determine the initial and post freezing aerobic bacterial load of 
commercially processed broiler carcasses. 
3. determine the possible  sources of bacterial cross- contamination 
during processing operations. 
4. study the effect of freezing conditions for 7and 14 days on bacterial 
counts. 
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Chapter One 
Literature Review 
 
1.1. Broiler production industry in Sudan: 
 Broiler chicken in Sudan was estimated to be 22.517.000 chicks 
(M.A.R., 2004).  Traditional sector (small farms) produces about 60% of the 
total broiler production and the modern sector (companies) produces the rest. 
1.2. The contribution of meats as sources of food-borne Infections: 
Meat or meat products can be implicated in numerous zoonotic 
infections in humans (Batz et al., 2005), varying  between 1% and 10%, 
depending on the organism, geographical factors, farming and or meat 
production practices          (EFSA, 2006). 
Microbial food safety is an increasing public health concern 
worldwide.  It is estimated that each year in the United States there are 
approximately 76 million foodborne illnesses (Mead et al., 1999) 
1.3. Contamination of broiler meat: 
Contamination of broiler meat with food-borne pathogens remains an 
important public health issue, because it can lead to illness and mortality if 
there are malpractices in handling, cooking or post cooking storage of the 
product. Numerically, the most important agents are Salmonella and 
Campylobacter spp. Data for European Union (EU) show that in 2001, there 
were 157822 reported cases of human salmonellosis and 156232 cases of 
Campylobacter enteritis (Cavitte.,  2003),  nevertheless,  no data were so far 
available concerning broiler meat poisoning in Sudan. 
Broiler meat consumption is known as one of the main sources of food 
borne infections in humans (Fitzgerald et al., 2001).   
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1.3.1. Sources of broiler contamination: 
1.3.1.1. Hatchery hygiene: 
Moist conditions required for hatching eggs is very favorable for 
multiplication of salmonellae (Cox et al. 1978). The significance of hatchery 
hygiene to human health was confirmed when a hatchery was identified as 
the source of human salmonellosis. Certain strains of salmonellae can persist 
in a hatchery for an extended period of time and infect newly hatched chicks 
(Davies et al., 2001; Baily et al., 2002; Wilkens et al., 2002; Liebana et al., 
2002). A strain of S. infantis with the same Pulsed Field Gel Electrophoresis 
(PFGE)  pattern was isolated from hatchery samples, birds and 19 patients in 
1999. Five additional PFGE linked cases were identified in the spring of 
2000,  indicating persistence of the strain in the hatchery environment                
(Wilkins et al.,2002). A strong hatchery hygiene program, however, cannot 
prevent spread of salmonellae during hatching, if the incoming eggs are 
contaminated (Bailey et al., 1994). The prevalence of salmonellae in eggs for 
hatching has been reported to be as low as 1 in 10,000 (Wilding and Baxter-
Jones., 1985).  One contaminated egg, however, can lead to substantial 
spread of salmonellae throughout a hatching cabinet (Bailey et al., 1992, 
1994, 1998).   
Control of Salmonllae in the hatchery is a critical factor that must be 
controlled through an effective hygiene program (Davies and Wray., 1994; 
Bailey et al , 2001, 2002). 
1.3.1.2. Bird: 
All food-borne pathogens can be harbored in the gastrointestinal tract 
of the bird. The most frequent chain of events leading to food borne illness 
involves birds as healthy carriers of the pathogens, these organisms are 
subsequently transferred to humans through production, handling and 
consumption of meat and meat products. Salmonella spp. and 
Campylobacter spp. remain the organisms of greatest global concern in this 
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respect, but other foodborne pathogens and spoiling bacteria may be 
involved (Mead., 2004). 
The contamination of raw poultry chicken with bacterial pathogens 
has important implications for public health (Capita et al., 2002) 
1.3.1.3. Poultry house hygiene: 
Broiler houses positive for salmonellae before chick placement result 
in more positive flocks at the end of rearing (Rose et al., 1999). Cleaning 
and disinfecting poultry houses between flocks can influence the prevalence 
of salmonellae in the environment (Lahellec et al., 1986). Litter that is high 
in moisture increases the potential for salmonellae multiplication. 
Controlling leaks from watering devices and from out side the poultry house, 
along with providing adequate ventilation can help maintain drier litter 
conditions (Mallison et al., 1998; Hayes et al., 2000). Disinfecting poultry 
houses by a combination of moist heat and formalin has been common 
practice in Denmark (Gradel, 2002). Preliminary tests indicate that poultry 
houses can be disinfected by heating to 60 C with steam for 24 hours. 
Applying a phenolic disinfectant spray followed by fogging with a 
formaldehyde solution has also been found to be effective (Davies et al., 
2001) 
1.3.1.4. Diet: 
The main examples of contaminated feed being important source of 
food-borne pathogens include, but are not limited to, Salmonella spp. In such 
cases, protein components of the feed are of main concern. ‘‘Exotic’’ strains 
of Salmonella spp. associated with purchased feed are often transient, whilst 
‘‘local’’, well-established strains of Salmonella spp. are usually the most 
persistent at the farm. However, feeds also can be contaminated with 
pathogens excreted by vermin (rodents, birds). On the other hand, there have 
been claims that some types of diet can affect the occurrence and/or levels of 
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shedding of the pathogens by farm animals, but their relevance is still 
unclear (Roberts et al.,1995). 
 
1.3.1.5. Feed withdrawal:  
Withdrawing feed at the appropriate time (8 – 12h) before transporting 
poultry to the slaughtering plant is important (Wabeck., 1972; Rigby and 
Pettit., 1981; Papa and Dickens., 1989; Papa., 1991; Duke et al., 1997). 
Intestinal tracts that are full of feed are more prone to rupturing during the 
evisceration. Time for feed withdrawal varies with the type of bird, whether 
the birds will be eviscerated by hand or mechanically and the type of 
equipment employed. Salmonellae and campylobacter levels may increase in 
the crop during feed withdrawal (Ramirez et al., 1997.,  Byrd et al., 1998). 
Feeding a fermentable carbohydrate (e.g. glucose) increased the level of 
lactics in the crop, decreased crop pH, resulting in lower levels of 
salmonellae    (Hinton et al., 2000). Adding lactic acid to the drinking water 
about 8h before transportation to the slaughtering facility reduced the 
prevalence of Salmonella and Campylobacter in crops and on carcasses after 
slaughtering    (Byrd et al., 2001) . Feeding the yeast, Saccharomyces 
boulardii during the final 60h before capture and transport was found to 
reduce the prevalence of salmonellae-positive caeca in chickens after 
transport (Line et al., 1997) 
1.3.1.6. Drinking water:  
Water in open troughs becomes contaminated by dust, litter, feed, 
feathers, and from feet, beaks, feces (Patterson and Gibbs., 1977). Open 
drinking water systems (e.g. troughs, bell shaped drinkers) are prone to fecal 
contamination and should be replaced by nipple-style drinkers (Renwick et 
al., 1992). Drinking water should be treated with a disinfectant (Kapperud et 
al., 1993;    Pearson et al., 1993). Water spilled onto litter or feed permits 
microbial multiplication in these materials. Chlorination of drinking water 
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was not found to be an effective control measure for decreasing colonization 
by campylobacters in broilers (Stern et al,2002 ). 
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1.4. Traditional method of broiler processing: 
On the small scale farms, poultry that destined to be slaughtered are 
fasted for 4 – 6 hours, caught and immobilized. Catching and transporting 
birds is stressful, therefore it should be practiced with much care. 
Birds are killed either by breaking the neck or by cutting the head with 
knife as for Muslims consumers and the birds are then plucked by hands, the 
process can be speeded up if the birds are immersed in hot water and by 
mechanical pluckers with rubber fingers. 
Carcasses are then eviscerated by removing the abdominal contents and 
the the carcass is thoroughly washed before cooling it to not more than 4 C 
by putting the carcass in iced water, the temperature at which the carcasses 
are stored is dependent to a degree on the length of time that the carcass are 
to be stored. Carcasses may be stored at 2C for a day or two days , 
otherwise, they should be frozen to – 5  -  -18 ◦C (Smith., 2001).  
1.5. Effects of processing on microorganisms: 
Commercial broiler processing operations such as, scalding, 
defeathering (picking), evisceration and chilling may affect the level of 
carcass contamination by foodborne pathogens and spoilage 
microorganisms. Although most processing steps reduce microbial 
contamination of broilers, the potential for processing operations to spread 
carcass contamination to processing equipment, water, other carcasses, and 
processing personnel has also been reported (Stern et al., 2001) 
The bacterial flora of processed poultry carcasses consist of foodborne 
pathogens, bacterial indicators of fecal contamination and spoilage 
microorganisms (Barnes., 1972). 
1.5.1. Worker performance and hygiene: 
Trained workers to perform their jobs correctly are very important to 
minimize product contamination. Bacteria are transferred from poultry 
carcasses to the hands or gloves of workers and then to other carcasses. 
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Workers risk getting pathogens on their hands, in cuts or other lesions, and 
inhaling them from contaminated carcasses. Furthermore, they can shed 
bacteria from their skin, hair, nose and throat as they work, particularly if 
they have skin or respiratory tract infections or if they practice poor personal 
hygiene. Carcass contamination from workers, however, is minor compared 
to the microflora that is indigenous to the live bird and to contamination 
from certain processing equipment (e.g. defeathering machines) (Roberts et 
al., 1995). 
1.5.2. Equipment hygiene: 
Effective cleaning and disinfecting procedures must be applied to 
prevent microbial build up on equipment. Equipment that is not cleaned and 
disinfected at the end of a day’s operation will have residual fat, blood and 
meat that provide nutrients for microbial growth that can then be transferred 
to products that are processed the following day. Thorough cleaning and 
disinfection of processing equipment can prevent colonization with E.coli 
and, very likely other enterobacteriacae (Cherrington et al., 1988). 
1.5.3. Transportation from farm to plant: 
The stress associated with feed withdrawal, capturing at the farm, 
loading into crates, transportation and holding at the plant can increase 
prevalence of salmonellae within a flock when processed (Line et al., 1997). 
Contamination of feathers with microorganisms of fecal origin increases as 
birds are confined in crates for transport to the plant (Seligmann and 
Lapinsky, 1970; Patterson and Gibbs., 1977; Rigby and Pettit., 1980; Rigby , 
1982, Rigby et al., 1989). Microorganisms in feces and on feathers can 
spread from bird to bird within the crates. During hanging and bleeding, 
wing flapping creates aerosols and dust. Salmonella and Campylobacter 
have been isolated from air in poultry plant unloading zones (Zottola and 
schemeltz., 1970; Abu-Ruwaida et al., 1994). 
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Contaminated transport crates can be significant sources of 
salmonellae. Carcasses after processing flocks on the farm that test negative 
can yield salmonellae - positive carcasses due to infections acquired during 
transport, probably influenced by stress.  This indicates that where possible 
crates should be cleaned and disinfected after delivering birds to the plant 
(Rigby et al., 1989, 1982; Carr et al., 1999; Slader et al., 2002).   
1.5.4. Stress: 
Minimizing stress in young chicks during transfer from the hatchery 
and during the first week or so on the farm when they are susceptible to 
infection is very important (Bailey, 1988). Birds subjected to stress during 
catching and transportation are more likely to shed salmonellae when they 
arrive at the plant for processing (Bahatia and McNabb., 1980). 
1.5.5. At the processing plant: 
The conditions of slaughtering, defeathering, evisceration, chilling and 
packaging will influence the extent to which processed poultry will be 
contaminated with pathogens and spoilage bacteria. In plants with effective 
hygiene programs, the origin of food borne pathogens on raw poultry is the 
live bird, not the processing facility. Thus elimination of C. jejuni and 
salmonellae on farms are essential to prevent contamination during 
processing and produce raw poultry meat that is free of these pathogens. 
Live birds often harbor human pathogens, thus the processing condition will 
strongly influence the extent of contamination on raw poultry. The potential 
for contamination begins with the knife used for severing the carotid arteries 
and ends when raw poultry is sealed in a package for shipment from the 
plant. The overall objective of the processing is to convert live birds into 
ready to cook poultry meat with minimal microbial contamination (Roberts 
et al., 1995). 
1.5.6. Slaughtering process 
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Processing conditions should be designed and controlled to minimize 
contamination from the external surfaces of the live bird, the intestinal tract 
and from carcass to carcass. This can be achieved by proper equipment 
design, maintenance, and hygiene, plant layout, operator training and skills 
and controlling conditions used in certain processing steps (scalding, 
defeathering, chilling) (Roberts et al.,1995). 
1.5.6.1. Slaughter: 
Slaughtering consists of stunning birds with an electrical shock and 
cutting the carotid arteries, no significant impact on microbial quality were 
reported (Roberts et al., 1995).  
1.5.6.2. Scalding: 
Carcasses are scalded (i.e. subjected to moist heat) to facilitate 
removal of feathers. Methods include hot water immersion, hot water spray, 
steam, and simultaneous hot water spray and defeathering. Immersion 
scalding is most generally practiced. Time and temperature of scalding 
depend on whether the yellow epidermal layer (cuticle) is to be removed 
from the skin. Soft scalds (e.g. 50 C for about 3 min) will not remove 
epidermis from the skin. Hard scalds (e.g. 58C for 2.5min) will remove the 
epidermis (Thomas et al., 1987). Cuticle free skin is a more suitable 
substrate for attachment of salmonella    (Kim and Doores, 1993) and growth 
of spoilage organisms (Ziegler and Stadelman., 1955; Essary et al., 1958; 
Clark, 1968; Berner et al., 1969). Water in scald tank is usually replaced at a 
rate of 0.2 – 1 L per carcass per min to maintain an overflow of the scald 
tank. Poultry to be used for processing into cooked poultry products is 
usually hard scalded. Broilers are given a variety of scalding treatments. The 
treatment selected depends upon the appearance desired and method of 
chilling (Richmond., 1990) 
During scalding, soil, dust, and fecal matter from the feet, feather, 
skin, and intestinal tract are released into the scald water. Also, water from 
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the scald tank is picked up by feathers and skin during scalding. A variety of 
bacteria, e.g.Colstridum, Micrococcus, Proteues, Pseudomonas, Salmonella, 
Saphylococcus, and Streptococcus have been isolated from scald tank water 
or from carcasses or air sacs immediately after scalding (Fahy, 1955,Walker 
and Ayres, 1956; Surkiewiez et al., 1989; Mead and Impey, 1970; Lillard., 
1971; Lillard et al., 1973; Mulder and Dorresteijn., 1977).  
1.5.6.3. Defeathering: 
Mechanical defeathering involves a series of machines with rotating 
rubber fingers that remove loosened feathers. Aerobic plate count, but not 
psychrotrophic counts, are significantly higher after defeathering                 
(Walker and Ayres., 1956; Clark and Lentz., 1969). Higher aerobic plate 
counts and staphylococci counts are related to the spread of microorganisms 
during defeathering and inadequate cleaning of the rubber fingers      
(Simonsen, 1975).  
Defeathering can spread microorganisms from a few contaminated 
carcasses to many carcasses. It is during this early stage of processing that 
bacteria contaminate the skin or enter cervices in the skin and perhaps 
feather follicles and become difficult to remove at later stages of processing           
(Bryan et al., 1986; Notermans and Kamplemacher., 1974; Notermans et al., 
1975). The microbial population on carcasses closely reflects microbial 
quality of carcasses immediately after defeathering (Salvat et al., 1992; Abu-
Ruwaida et al., 1994) 
1.5.6.4. Evisceration: 
During evisceration microorganisms are transferred from carcass to 
carcass by workers, inspectors and by contact with equipment (Bryan et al., 
1986). Manual opening of the abdominal cavity and evisceration can give 
rise to considerable contamination especially when intestines are cut. Manual 
evisceration involves pulling the intestines from the body cavity and draping 
them over the side of the carcass. Vacuuming the vent and cavity remove 
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some fecal and other contamination. Mechanical evisceration requires proper 
maintenance and continuous cleaning of machinery to prevent an increase in 
the microbial population in poultry carcasses. Mechanical evisceration 
systems are set for specific bird sizes or weights. Variation in the size of the 
birds being processed increases the likelihood of torn, damaged intestines 
and carcass contamination (Simonsen., 1975).  
1.5.6.5. Spray washing: 
Spraying carcasses several times during evisceration is considered 
more effective for preventing an increase in Enterobacteriacae and 
sallmonellae than a single wash after evisceration (Mulder., 1985). Certain 
pseudomonas spp. however can contaminate carcasses during spraying 
(Lahellec et al., 1973) 
1.5.6.6. Chilling: 
Freezing and frozen storage reduces the number of certain 
microorganisms on poultry, some are killed, while others are only sublethaly 
damaged (Kraft., 1992; Baily et al., 2000). At temperature below – 10C, 
sublethaly damaged microorganisms die over time, but above this 
temperature, recovery can occur (Mulder., 1973). 
Aerobic plate counts on poultry skin may decrease by 10 – 99% 
during the process of freezing, further death can occur during freezing,  but 
at a slower rate. An 84% - 98% decrease in aerobic plate count on turkey 
skin occurred during brine emersion and 95 – 99% during air blast freezing, 
fluorescing bacteria were reduced 99,9% by methods of freezing. Coliforms, 
enterococci and staphylococci were reduced 99,9%, 97% and 96% 
respectively, during air blast freezing (Kraft et al., 1963) . In another study 
no decrease in the aerobic plate count an only a slight decrease in 
Enterobacteriacae occurred when poultry was stored at – 20 ◦C the bacteria 
killed by freezing were largely those in the surface water on the carcass and 
those attached to or in the skin (Notermans et al., 1975). Enough 
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psychrotrophic bacteria survive on frozen poultry to multiply during thawing 
and storage under refrigeration. Spoilage may occur if the time and 
temperature of the thawing process are not controlled. Micrococci and 
enterococci survive in frozen poultry for considerable periods of time (Straka 
and Combes., 1951). In a study of naturally contaminated chicken 
Salmonellae prevalence and concentration did not change when the chicken 
was held for 14 days within the range of 4 – 8 ◦C (Bailey et al., 2000). 
Chilling is necessary to delay growth of psychrotrophic spoilage 
bacteria and prevent growth of food borne pathogens. The method of chilling 
has been highly controversial and influenced by the relative impact of 
economics, hygiene and local regulations. The ideal methods will provide 
chilling at the least cost without causing microbial contamination or 
permitting multiplication. Preferably, chilling will involve decontamination 
to further improve microbial safety and quality. Carcasses can be chilled by 
circulation of cold air, sprays of cold water or by immersion in tanks of cold 
water with or without addition of ice.  Continuous immersion chilling is very 
efficient and relatively inexpensive. Agitation can remove some 
microorganism from the carcass. However, they may be transferred to other 
carcasses if the condition of chilling are not controlled (James et al., 2006). 
The data indicates that water samples can be a convenient method for 
estimating the prevalence of salmonellae on carcasses after chilling. 
Immersion chilling caused about a 10-fold reduction in total count and 
Enterobacteriaceae on broiler carcasses. The prevalence of salmonellae, 
however, increased from 10-13% to 28-38% (Lillard, 1990). Several 
investigations have shown that aerobic plate counts and indicator organisms, 
particularly those of fecal origin, were reduced during continuous immersion 
chilling (Thomson et al., 1974).    
1.6. Frozen poultry products: 
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Chilled poultry has a shelf-life measured in days when held near the 
point of freezing, whereas frozen poultry at or near – 18 ◦C will not spoil 
from microbial activity. Poultry products are frozen by exposure to a 
continuous blast of cold air in tunnels or rooms, immersion of packaged 
poultry in cold brine or propylene glycol solution, exposure to still cold air, 
exposure to liquefied or solidified gasses (such as nitrogen or carbon 
dioxide), plate freezing (usually prepared dinners), or various combinations 
of these methods. Similar effects of freezing on survival and death observed 
in raw poultry also apply generally to microorganisms found on cooked 
frozen poultry products (James et al .,2006) 
1.6.1. Product temperature: 
Holding, distribution, and displaying fresh poultry at low temperatures 
is the most important factor affecting the shelf-life of raw poultry. The lower 
the temperature, the longer the shelf-life. Most pathogens can not multiply 
below 6C, but psychrotrophic spoilage bacteria can multiply  below 0 ◦C. At 
-2 C, psychrotrophic bacteria have extended lag periods and longer 
generation times (James et al .,2006). 
1.7. Bacteria associated with broilers production: 
The microbial safety and quality of poultry meat are equally important 
to producers, retailers and consumers, and both involve microbial 
contaminants on the processed product. Two quite different groups of 
microorganisms are relevant: on the one hand certain food borne pathogens, 
as discussed below, and on the other hand organism that are generally not 
harmless to human health, but being psychrotrophic are able to multiply on 
the product during chill storage. Spoilage results mainly from off odour 
development, and the product shelf-life is determined both by the number of 
spoilage organisms present initially and the temperature history of the 
product at all stages of production and subsequent storage and handling 
(Pooni and Mead., 1984). For chill stored poultry, Viehweg et al. (1989) 
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demonstrated that virtually all the odorous substances found at spoilage 
could be attributed to microbial growth and metabolism. 
1.7.1.  Pathogenic bacteria: 
Contamination of poultry meat with food-borne pathogens remains an 
important public health issue, because it can lead to illness causing human 
suffering, loss of production, healthcare and may be mortality (Cavitte., 
2003). 
 
 
 
1.7.1.1. Enterobacteriaceae:  
The level of Enterobacteriaceae in poultry carcasses can be routinely 
used as an indicator of improper hygiene methods during processing and 
incorrect storage conditions, which can lead to the proliferation of 
pathogens, such as Salmonella, and toxin production (Roberts et al, 1995). 
Most Enterobacteria inhabit human and animal intestines as normal 
microbiota or as infectious agents (Trabulsi and Campos, 2002). 
 Contamination control during slaughter and processing has been 
identified as an ultimate requirement in order to detect the prevalence of 
pathogenic microorganisms in poultry products. Microbiological status of 
broiler carcasses depends on several factors, such as infection level of living 
birds, cross contamination, amount and variety of pathogens                     
(Abu-Ruwaida et al ,1994)  
1.6.1.1.1 Salmonella: 
Salmonella is the most frequently reported organism involved in food-
borne outbreaks. In 2005, 25,760 cases of human salmonellosis were 
reported to be related to outbreaks (Rangel et al, 2005). 
The primary source of salmonellae in the processing plant is the flock 
that is being processed. Thus, the type of salmonellae on raw poultry 
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carcasses primarily reflects the serovars of salmonellae in the flock being 
slaughtered (Rigby., 1982; Olsen et al., 2003)   
During processing, carcasses become contaminated and salmonellae 
can spread from carcass to carcass by equipment, tools and workers             
(McBride et al., 1980; Lillard., 1990) 
Most salmonellas found in poultry meat are non-host specific and are 
considered capable of causing human food poisoning. 
Salmonella control in integrated broiler operation is complicated 
because there are many opportunities for salmonella to gain entry to theses 
extensive integrated operations and to be amplified by the mass production 
of feed,   hatching, handling and processing facilities (James et al .,2006) 
1.6.1.1.2. Escherichia coli: 
Verocytotoxigenic E. coli (VTEC) are a group of E. coli bacteria that 
are characterized by their ability to produce verocytotoxin (VT). Human 
pathogenic VTEC usually harbor additional virulence factors important for 
the development of disease in man. A large number of different E. coli 
serotypes include VT-producing strains, but the majority of reported human 
VTEC infections are associated with a small number of O:H serotypes. 
VTEC O157 is the most frequently reported to be associated with human 
disease. The symptoms associated with VTEC infction  in humans are mild 
to bloody diarrhoea often accompanied by severe abdominal cramps. VTEC 
infections can also result in haemolytic uraemic syndrome (HUS). HUS 
develops in up to 10% of patients infected with VTEC O157 and is the 
leading cause of renal failure in young children. In 2005, a total of 3,314 
human cases were reported. The overall incidence in the EU was 1.2 per 
100,000 population. However, because large differences in the VTEC 
diagnostic practices exist, trend analysis and between-country comparisons 
are difficult. 
18 
 
Verocytotoxin-producing strains of E.coli (VTEC), cause diarrhea and 
haemorrhagic colitis in humans and can lead to potentially life-threatening 
sequelae, such as haemolytic uraemic syndrome and thrombotic 
thrombocytopaenic purpura. Although VETC strains occur in a wide range 
of O serogroups, the most important in human disease is serotype 0157, 
which accounts for almost major food-borne outbreaks in Europe and USA 
(Salmon et al., 1989)  
1.6.1.1.3. Klebsiella: 
Klebsiella is a member of the family Enterobacteriaceae that casues 
disorders of the digestive tract and other systems. K. aerogenes and 
K.pneumoniae are the most important members of the genus associated with 
diseases (Buxton and Fraser, 1977). 
1.6.1.1.4. Citrobacter, Enterobacter and Serratia: 
Citrobacter freundii is the most prevalent species in food, however 
othe species are not uncommon on fresh broilers meat (Jay, 2000). Soumet et 
al. (1999) isolated Enterobacter spp.  Citrobacter spp. and Serratia spp. 
from poultry feed and pens. 
1.7.1.2. Campylobacter : 
Campylobacter spp. are common contaminants of live broilers and 
their environment (Genigeorgis et al., 1986). Processed poultry products 
contaminated with the bacterium may then serve as vehicles for 
campylobacteriosis outbreaks in humans (Bryan and Doyle., 1995). 
Campylobacter jejuni and Campylobacter coli are the species of the 
pathogen that are most frequently isolated from poultry (Hudson et al., 1999) 
Findings indicated that poultry flocks may introduce several strains of 
C. jejuni into processing facilities. Additionally, different populations of the 
pathogen may be carried into the processing plant by successive broiler 
flocks, and some strains of C.jejuni may reappear in the same processing 
facility during different times of the year (Hinton et al., 2004) 
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The thermophilic campylobacters are mainly C.jejuni, which is the 
principal cause of human campylobacteriosis, but others, so called 
campylobacteria also occur frequently, and include species of Aercobacter 
and Helicobacter pullurum. Their potential for causing human illness has 
been discussed by Corry and Atabay (2001).  
1.7.1.3. Clostridium perfringens: 
As a cause of human food poisoning, this is not among the most 
dangerous pathogens. It is, however spore forming organism and some 
strains produces spores that are unusually heat resistant. Therefore, unlike 
vegetative bacterial cells, the spores are not necessary destroyed by normal 
cooking and may subsequently germinate and outgrow to hazardous levels, if 
post cooking storage is inadequate. In fact, most outbreaks involve strains 
that produce the more heat resistant spores. In a survey of food poisoning 
outbreaks associated with poultry in England and Wales during 1992-1999, 
Cl. perfringens was found to be responsible for 21% of the outbreaks, second 
only to Salmonella as a causative agent (Kessel et al., 2001).  
1.7.1.4.  Listeria monocytogenes: 
Listeria monocytogenes  has been recognized as an emerging and 
important food-borne pathogen during the last decade .Outbreaks of  
listerisosis is low in comparison with food infections caused by salmonellae 
or pathogenic campylobacters but mortality is high (10 - 30%) (Farber and 
Peterkin, 1991) 
The organism is a leading cause of food related mortality and 
morbidity in man and the majority of cases are believed to be food-borne  
Numerous surveys have shown that more than 50% of processed chicken 
carcasses are likely to be positive, although numbers are usually low, even 
less than 1/cm2 of skin (Mead, 2004). 
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1.7.1.5. Staphylococcus: 
Staphylococcus exists in air, dust, sewage, water and food or on food 
equipments, environmental surfaces, human and animals. Pigment 
production is a common feature of staphylococcal growth on solid media and 
the color varies from yellow, orange, red and black (Barrow and Feltham, 
1993). 
S. aureus occurs among the normal flora of the live bird, and  the 
organism was detected in all stages of broilers processing (Notermans et al., 
1982). 
1.7.1.6. Yersinia: 
Yersinia enterocolitica has been isolated from food and water 
contamination (Jawetz et al., 2001). Yesinia pseudotuberculosis has a wide 
distribution and have been reported most frequently in chickens (Buxton and 
Fraser, 1977). 
1.6.1.7. Proteus: 
Proteus occurs naturally in the environment of animal and man, and 
particularly in the intestine, animal manures, human sewage, soil and water 
(Buxton and Fraser, 1977).  Soumet et al., (1999) found Proteus Mirabilis in 
poultry houses and feed. 
1.7.2. Spoilage: 
1.7.2.1. Spoilage of chilled broilers: 
When poultry meat is stored aerobically under chilled conditions, the 
organisms that predominate at spoilage are invariably Pseudomonas spp., 
accompanied by lower numbers of other Gram-negative bacteria, other 
bacteria that are some times present include Shewanella putrefaciens and 
psychrophylic strains of  Enterobacteriaceae.  These organisms are common 
in soil and water and are thought to originate from the live bird environment. 
Yeasts too can be involved in spoilage and may be more important in this 
respect than was previously thought. The principal bacteria and yeasts 
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involved in spoilage are Pseudomonas, Acinetobacter, Moraxella, 
Psychrobacter, Lactobacillus, Corynebacterium, Brochothrix, Shewanella, 
Enterobacteria, Candida, Yarrowia and Yeasts (Mead., 2004). 
1.7.2.2. Spoilage of frozen broilers: 
Frozen poultry products do not usually undergo microbial spoilage. 
Perhaps for this reason,  there is very little published information on 
microbial spoilage.  Some yeasts and molds multiply on frozen meat at 
temperature as low as – 7 C. Organisms occasionally implicated are 
Cladosporium herbarum, causing black spots; Thamnidium elegans, causing 
whisker-like growth; and sporotrichum carnis, causing white spots. Mold 
growth can occur on th surface of frozen products (Gunderson, 1962). 
Spoilage will occur if products are thawed and stored at refrigerator for 
sufficent time. The rate of spoilage is similar to that of chilled poultry (Ellott 
and Straka., 1964) and affected by the same factors. From a bacteriological 
standpoint the practice of freezing raw whole or parts and then thawing them 
for retail sale has a distinct  advantage over distributing chilled poultry 
because freezing shifts all the chilled shelf-life to the retail and consumer 
levels (Elliott and Straka., 1964).  
1.8. Control: 
For food to be entirely safe from the microbiological view point, it 
would need to be free from all pathogenic organisms.  
1.8.1. HACCAP: 
The system aimed to control food-borne pathogens, reduce 
contamination of carcasses with spoilage organisms. The microbiological 
hazards in the processing operation are well known and are often difficult to 
control effectively, because of the technological limitations in the process 
that can lead to cross contamination of the carcasses being processed. 
Implementation of the HACCP system does not overcome this draw back, 
but has a number of clear benefits, including the following: 
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 -The system ensures regular monitoring of the process as a whole. 
-Checking of control parameters and recording of results are an 
integral part of the system. 
-Compliance with hygiene legislation is ensured. 
-Staff awareness of food safety requirements is increased  
As a result of national HACCP implementation, operational standards 
across the industry become more uniform (Mead, 2004) 
1.8.2. Microbiological Risk Assessment (MRA): 
Microbiological Risk Assessment (MRA)  is a developing concept, 
which is complementary to the application of HACCP principle as defined 
by Codex Alimentarious Commission (CAC, 1999) , it includes hazard 
identification, exposure assessment, hazard characterization and risk 
characterization.  Its importance not only in quantifying the risk of human 
illness from a pathogen of microbial toxin associated with poultry,  but in 
determining the extent to which the risk can be reduced by specific 
intervention measures. Thus, the effect of controlling a hazard at a particular 
Critical Control Point can be quantified with this approach (Kelly et al., 
2003) 
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Chapter two 
Materials and Methods 
2.1. Study area: 
 The study was conducted at Khartoum North, Sudan , between 
March– December, 2006. 
2.2. Sampling procedure: 
In total  ninety-six samples were collected randomly from four 
different small scale farms (2000 – 6000 birds/farm), reared in open 
system.Twenty-four samples from each farm in two visits. 
2.2.1. Types of samples: 
2.2.1.1. Swabs: 
 Sterile cotton swabs were moistened with 0.01% bactopeptone water 
solution and used to collect samples from cloacae of live birds, knives and 
hands of workers at different stages of  the operation (three replicates of each 
sample). 
2.2.1.2. Water samples: 
 Twenty five milliliter samples of water from scald, washing and 
cooling tanks were collected in sterile glass containers treated with 0.05% 
sodium thiosulphate. 
2.2.1.3. Whole broilers carcasses:  
Three Medium-sized broilers chicks (approximately1kg) were 
aseptically collected from each farm per visit at random and placed in sterile 
plastic bags. One chick was used for viable count at day zero, the second for 
viable count after freezing for 7 days and the third for viable count after 
freezing for 14 days.    
All samples were transported immediately to the laboratory to 
determine the quality and quantity of bacterial contamination.  
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2.2.1.3.1. Preparation of carcass samples: 
 To carcasses which were placed in sterile plastic bags, 300 ml of 
sterile 0.1% bacto peptone solution were added.  The carcasses were 
manually shaken in the peptone solution for 2 min. Bacteria in the carcass 
rinsates were enumerated on Plate Count Agar (PCA). Serial dilutions of the 
rinsate were made in 0.1% peptone water and plated on PCA to determine 
the total viable bacterial count. 
2.3. Collection of blood, serum and plasma: 
Blood for enrichment media, was collected by venipuncture of the 
jugular vein of healthy donor sheep into sterile flasks which contained glass 
beads and defibrinated by shaking gently  .For serum, blood was allowed to 
clot overnight in the refrigerator and the serum was removed aseptically. 
Blood for plasma was collected from rabbits or human in glass tubes 
containing Etheline Diamine Tetra Acteic acid (EDTA) and centrifuged for 
5- 10 minutes. 
2.4. Preparation of culture media: 
All media were prepared according to Oxoid (1 973), difco (1972) and 
barrow and Feltham (1993) and their ingredients were given below. 
2.4.1. Solid media 
2.4.1.1. Nutrient agar (Oxoid CM3) 
Ingredients         Quantity 
Yeast extracts     2 gm 
Peptone     5 gm 
Sodium chloride               5 gm 
Agar      15 gm 
Twenty-eight grams of powder were added to 1 liter of distilled water, 
dissolved and the pH was adjusted to 7.4 by adding NaOH or NaCl .The 
medium was sterilized by autoclaving at 121C for 15 min before being 
poured into sterile Petri-dishes in 20 ml volumes. 
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2.4.1.2. Blood agar (Oxoid CM55) 
To every 90 ml of’ molten sterile nutrient agar, 10 ml of’ sheep 
defibrinated blood were added aseptically at 45-50C, mixed and poured into 
sterile Petri-dishes in  15 - 20 ml volumes. 
2.4.1.3. MacConkey, s agar (Oxoid CM 71) 
 Ingredients  Quantity 
Peptone     20 gm 
Lactate        10 gm 
Bile salt no.3             1.5 gm 
Neutral red              0.03 gm 
Agar      15 gm 
Fifty-one point five grams of medium were suspended in a liter of 
distilled water, dissolved and the pH was adjusted to 7.4. The medium was 
sterilized by autoclaving at 121C for 15 mins, and then poured aseptically in 
sterile Petri-dishes in 15-20 ml volumes. 
2.4.1.4. Plate count agar (PCA) (Oxoid (CM325) 
Ingredients    Quantity 
Casein enzymic hydrolysate  5 gm 
Tryptone     5 gm 
Yeast extract    2.5 gm 
Dextrose     1 gm 
Agar      9 gm 
Twenty-two point five grams of powder were suspended in a liter of 
distilled water, dissolved and the pH was adjusted to 7.4 .The medium was 
sterilized by autoclaving at 121C for 15 min and poured in sterile Petri-
dishes. 
 
2.4.1.5. Simmon’s citrate agar (Difco B 91): 
Ingredients      Quantity 
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MgSO4     0.2 gm 
(NH4) H2PO4    0.2 gm 
K2PO4     0.8 gm 
NaCl      5 gm 
Sodium citrate    2 gm 
Bromothymol blue   0.08 gm 
Agar      15 gm 
Twenty-three grams were suspended in one liter of distilled water, 
boiled to dissolve completely and the pH was adjusted to 7.0. The medium 
was steriliezed by autoclaving at 121 C for 15 min and distributed into Bejou 
bottles in portions of 5ml each and left to solidify in slant position. 
2.4.1.6. Aesculin agar (Barrow and Feltham, 1993): 
Ingredients   Quantity 
Aesculin   1 gm 
Ferric citrate  0.5 gm 
Agar     20 gm 
The content were dissolved in 100 ml peptone water, sterilized by 
autoclaving at 115 C for 10 min. and poured in sterile bottles and allowed to 
set in a slope position. 
2.4.1.7. Nutrient gelatin (Oxoid CM 135a) 
Ingredients         Quantity 
Lab-Lemco powder   3 gm 
Peptone     5 gm 
Gelatin     120 gm 
One hundred and twenty eight grams were suspended in one liter of 
distilled water, dissolved, sterilized by autoclaving at 121 C for 15 min and 
mixed well before pouring in bottles and cooled to below 20 C or left to set 
in a refrigerator. 
2.4.2. Semi solid media 
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2.4.2.1. Hugh and Leifson's (O/F) medium (Barrow and Feltham, 1993). 
Ingredients     Quantity 
Petone      2 gm 
NaCI       5 gm 
K2HPO4      0.3gm 
Agar       3 gm 
Bromothymol blue 0.2 % aq. Sol  15 ml 
The ingredients were dissolved in one liter of distilled water in a water 
bath, the pH was adjusted to 7.1, then the indicator was added before 
sterilization by autoclaving at 115 C for 20 mins. A sterile solution of 
glucose solution was aseptically added to give a final concentration of 1%. 
The medium was mixed and distributed aseptically as 7 ml volume in sterile 
test tubes. 
2.4.2.2. Craigie tube medium (Barrow and Feltham, 1 993) 
Ingredients       Quantity 
Dehydrated nutrient broth powder   13 gm 
Agar        5 gm 
An amount of 15 gm nutrient broth was added to 5 gm agar and 
dissolved in one liter of distilled water and the pH was adjusted to 7.2. The 
medium was distributed as 5 ml volumes in test tubes containing Craigie 
tubes and sterilized by autoclaving at 115 C for 15 min. 
2.4.3. Liquid media 
2.4.3. 1. Nutrient broth (Oxoid CM1) 
Ingredients    Quantity 
Lab-lemco Powder   1 gm 
Yeast extract    2 gm 
Peptone     5 gm 
NaCI      5 gm 
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Thirteen grams of the medium were suspended in 1 liter of distilled 
water, dissolved by shaking and the pH was adjusted to 7.4. The medium 
was distributed as 5 ml volumes in test tubes and sterilized by autoclaving at 
121 C for 15 min. 
2.4.3.2. Peptone- water medium (Oxoid CM9) 
Ingredients   Quantity 
Peptone     10 gm 
NaCI      5gm 
Thirteen grams of the medium were dissolved in one litre of distilled 
water and the pH was adjusted to 7.2, the medium was distributed into 5 ml 
volumes and sterilized by autoclaving at 121 C for 15 min 
2.4.3.3. Peptone water sugars (Barrow and Feltham, 1 993) 
Ingredients    Quantity 
Peptone water medium   900 ml 
Appropriate-sugar solution 
(10% in peptone water)   100 ml 
2.4.3.4. Methyl red and Voges Proskauer medium (Oxoid CM 43) 
Ingredients    Quantity 
Peptone    5 gm 
K2HPO4    5 gm 
Ten grams of ingredients were suspended in one litre distilled water, 
dissolved by steaming and the pH was adjusted to 7.5. Five grams of glucose 
were then added, mixed and the medium was distributed into 5 ml volumes 
in test tubes and sterilized by autoclaving at 121 C for 15 min. 
2.4.3.5. Nitrate broth (Barrow and feltham, 1993) 
Ingredients    Quantity 
KNO3     1gm 
Nutrient broth    1000 ml 
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The potassium nitrate was dissolved in the broth which was 
distributed in 5 ml volumes in test tubes and sterilized by autoclaving at 121 
C for 15 min. 
2.5. Reagents: 
All reagents were obtained from British Drugs House Chemicals (UK) 
and prepared according to Barrow and Feltham (1993). 
2.5.1. Hydrogen peroxide: 
This was prepared as 3% hydrogen peroxide which was protected 
from light and stored in a cool place until used for catalase test. 
2.5.2. Oxidase test reagent: 
A fresh aqueous solution of 1% tetramethyl-p-phenylenediamine was 
added to a fresh solution of 1 % ascorbic acid. This was used to impregnate 
filter papers, 50 x 50 millimeters which were dried at 50 C. 
2.5.3. Kovac’s reagent: 
P-dimethylaminobenzaldehyde     5 gm 
Amyl alcohol       75 ml 
Conc. HCl       25 ml 
The aldehyde was dissolved in alcohol by gentle warming in a water bath at 
50- 55 oC cooled and added to the acid carefully, then stored at 4 oC. 
2.5.4. Voges - Proskauer test reagent: 
• Solution A 
5% α-anphthol in alcohol 
• Solution B 
40% aqueous solution of NaOH. 
 
2.5.5. Nitrate test reagent: 
• Solution A 
0.33% sulphanilic acid in 5 N-acetic acid dissolved by gentle heating. 
• Solution B 
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0.6% dimethyl- naphthylamine in 5 N-acetic acid 
• Zinc dust. 
2.5.6. Lugol's iodine: 
 Iodine     5 gm 
 Potassitum iodide    10 gm 
 The constituents were dissolved in 100 ml distilled water, used after 
dilution 1/5 with distilled water. 
2.5.7. Methyl red solution: 
 Methyl red     0.04 gm 
 Ethanol     40 gm 
 Distilled water    100 ml 
The methyl red was dissolved in ethanol and diluted to the required 
volume with distilled water. 
2.5.8. Lead acetate paper: 
 Filter papers of 4-5 mm wide and 50-60 mm long were impregnated in 
lead acetate saturated solution and dried. 
2.6. Cultural methods: 
2.5.1. Aerobic viable count: 
 The method of Cox et al, (1981) was used to determine viable count 
of aerobic bacteria.  
2.6.1.1. Aerobic plate count on day Zero: 
One mililiter from whole carcass rinsate samples was serially diluted 
immediately in 9 ml normal saline to prepare ten-fold dilutions till the sixth 
dilution. From the selected dilutions, 0.1 ml drops from a calibrated dropping 
pipette was deposited onto the surface of the dried plate count agar and 
distributed evenly using glss rod  for total viable bacterial count and the 
plates were then incubated at 37C for 24 hrs. 
 The dilutions chosen were those which gave between 30-300 colonies 
per plate. The number of colonies was multiplied by dilution factor to give 
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the number of colonies forming unit (CFU) and multiplied by ten to give the 
CFU\ ml. Microbial counts were converted to log10 cfu/ml values.  
2.6.1.2. Aerobic plate count on day seven: 
Whole carcass preserved at - 20 C for seven days were processed for 
aerobic plate count as mentioned above. 
2.6.1.3. Aerobic plate count on day fourteen: 
Whole carcass preserved in - 20 C for forteen days were processed for 
aerobic plate count as mentioned above. 
2.6.2. Aerobic cultivation and purification: 
 Swabs from cloacae of live birds, knives and hands of workers and 
loopfull from scalding, washing and chilling water were streaked on Blood 
and MacConkey,s agar plates to give isolated colonies. Plates were incubated 
aerobically at 37 C for 24 hrs and were examined visually for detection of 
growth and any changes in the media. 
 Purification was done by repeated sub-culturing of well isolated 
colonies on new media using one pick per sample. The growth was checked 
for purity by examining Gram stained smears. 
 Pure cultures were persevered into cooked meat medium and stored at 
4 C. 
2.7. Identification of isolates: 
 Pure culture isolates were biochemically identified according to 
Barrow and Feltham (1993).  
 
2.7.1. Primary tests: 
2.7.1.1. Gram's stain: 
Gram's stain was done as described by Cruickshank et al (1975) 
2.7.1.2. Oxidase test: 
32 
 
 The organism was grown in nutrient agar. Oxidase reagents were 
added to a piece of filter paper. A colony of   the test organism was picked 
with a sterile bent glass rod and rubbed on the filter paper. 
Recorded result: A dark purple colour that developed in 5 to 10 seconds was 
considered as a positive result. 
2.7.1.3. Catalase test: 
 A drop of 3% aqueous solution of hydrogen peroxide was placed on a 
clean slide and a small amount of the bacterium colony was placed on the 
drop using glass rod. 
 Recorded result: production of gas bubbles indication a positive result. 
2.7.1.4. Motility test: 
Motility medium was stabbed with straight wire and incubated at 37 
C. Recorded result: motile bacteria migrated out side Craigie tube through 
the medium which became turbid. 
Growth of non-motile bacteria was confined to the stab line. 
2.7.1.5. Sugar fermentation tests: 
 The sugar media were inoculated, incubated at 37 oC and examined 
daily for up to 7 days. 
Recorded result: A red colour in the medium indicated acid production. 
Gas formation was detected in the inverted Durham tubes. 
2.7.1.6. Oxidation-fermentation (O/F) test: 
Two tubes containing Hugh and Leifson's medium were inoculated, 
one being covered with a layer of sterile paraffin oil and both were incubated 
at 37 oC for up to 14 days. 
Recorded results: A yellow color in both tubes was caused by fermentative 
organisms. 
 A yellow colour in the unsealed tube is indicative of oxidative 
organisms. 
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2.7.2. Secondary tests: 
2.7.2.1. Citrate utilization: 
 Simmon's citrate media was inoculated with the test- organisms and 
incubated at 37 C for 7 days. 
Recorded result: Bluish color indicated a positive result. 
2.7.2.2. Urease activity: 
 Streaked urea agar was incubated at 37 C for 7 days. 
Recorded result: Change in color to pink indicated a positive reaction. 
2.7.2.3. Hydrolysis of gelatin: 
 After inoculation, nutrient gelatin was incubated at 37 C for up to 14 
days and every 2-3 days the tube was placed in the refrigerator for 2 hrs. 
Recorded result: Positive result recorded when gelatin remained liquefied in 
the refrigerator temperature.  
2.7.2.4. Methyl red reaction: 
 Glucose phosphate medium was inoculated with test-organism and 
incubated at 37 C for 48 hrs. Then 2-4 drops of methyl red solution were 
added and the tube was shaken. 
Recorded result: Development of a red colour indicated a positive reaction. 
2.7.2.5. Voges-Proskauer (V-P) test: 
 Glucose phosphate medium was inoculated with the organism and 
incubated at 37 C for 48 hrs. Then 0.6 ml of 5% α-naphthol + 0.2 ml of 40% 
KOH aqueous solution were added, the tube was shaken well and examined 
after 30 min. 
Recorded result: the appearance of a bright pink color indicated 
positive production of acetyl-methlyl carbinol. 
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2.7.2.6. Nitrate reduction: 
 Nitrate broth was inoculated with the organism and incubated for up to 
5 days. One milliliter of nitrate reagent A and reagent B were added. 
Recorded result: A deep red colour indicated positive reduction of nitrate to 
nitrite. 
A negative result was confirmed by addition of zinc dust, if there was no 
development of color this meant that no nitrate remained. 
2.7.2.7. Hydrolysis of starch: 
 Starch agar was streaked with the test isolate, incubated at 37 C for 
two days and then flooded with lugol's iodine solution. 
Recorded result: Clear coloress zone indicated starch hydrolysis. 
2.7.2.8. Production of indole: 
 Peptone water medium was inoculated with the test organism and 
incubated at 37 C for 24-48 hrs. Then Kovac's reagent was poured down on 
the wall of the culture tube to make a top layer. 
Recorded result: Development of a red color between the layers 
indicated a positive reaction. 
2.7.2.9. Digestion of casein: 
 Streaked plates of casein agar with the organism were examined at 
intervals for up to 7 days. 
Recorded result: Clear zone around the bacterial growth was a positive 
test. 
2.7.2.10. Production of hydrogen sulphide: 
 A tube of peptone water was inoculated with the organism and lead 
acetate paper was inserted between the plug and tube. The tube was then 
incubated at 37 C and examined daily for 7 days. 
Recorded result: Blackening of the lead acetate paper indicated a positive 
result. 
2.7.2.11. Phosphatase test: 
35 
 
 Phenolphthalien phosphate agar was streaked with the organism and 
incubated at 37 C for 18 hrs, then 0.1 ml of concentrated ammonia solution 
was placed on the lid of the Petri-dish and the medium was inverted on the 
lid. 
Recorded result: Free phosphatase positive colonies became bright pink. 
2.7.2.12. Tube coagulase test: 
 Fresh rabbit plasma was diluted 1:10 in physiological saline and 0.5 
ml of diluted plasma placed in a sterile agglutination test tube. Then 0.5 ml 
of an overnight broth culture of the test organism was added and the tube 
was incubated at 37 C and examined for coagulation after 12 and 24 hrs. 
Recorded result: Coagulation of the tube contents was a positive result. 
 Negative result was recorded after further incubation for 24 hrs 
2.8. Statistical design and analysis: 
Means and standard errors were calculated using SPSS statistical package for 
the analysis of variance (ANOVA) using completely randomized design 
(CRD). The separation of means was performed by least significant 
difference (LSD) according to Gupta (2004). 
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CHAPTER THREE 
RESULTS 
One hundred and sixty two isolates were made from all 96 samples 
(25 from live birds, 29 from hands of workers, 23 from knives, 22 from scald 
water, 30 from washing water and 33 from chilling water, (Table 1).Eighty-
three isolates(51.2%) were Gram-positive. Percentage of Gram-positive 
isolates varied between 39.4% in chilling water to 72.7% in scalding 
water,(Table 1). According to their microscopic, cultural and biochemical 
properties, the isolates yeild 22 diffferent species (Tables 6&7) , 11 of them 
were Gram-positive (Tables 4&5). 
3.1. Bacterial isolates from different samples: 
3.1.1. Live bird swabs: 
 Different bacteria were isolated from these samples: enterobacteria, 
Micrococcus, Staphylococcus, Bacillus, Actinobacillus and Pseudomonas. 
(Table 2). 
  
Figure (1): Mean values of isolated bacteria from live bird 
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3.1.2. Hands:   
 Isolates from hands belonged to Enterobacteria and the genera 
Micrococci, Staphylococcus,Bacillus and Pseudomonas were isolated from 
this source.(Table2)   
 
Figure (2): Mean values of isolated bacteria from hands of workers. 
3.1.3. Knives:  
    Bacterial species isolated from knives belonged to Enterobacteria and the 
genera Micrococcus, Staphylococcus, Bacillus, and Pseudomonas  (Table.2) 
 
Figure (3): Mean values of isolated bacteria from knives 
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3.1.4. Scalding water: 
 Isolates from scalding water belonged to Enterobacteria and the 
genera Micrococcus, Staphylococcus, Bacillus and Pseudomonas.(Table 2.) 
 
Figure (4): Mean values of isolated bacteria from scalding water 
3.1.5. Washing water: 
 Isolates from washing water include enterobacteria and the genera 
Micrococcus ,Staphylococcus, Bacillus, Actinobacillus and Pseudomonas. 
(Table 2) 
 
Figure (5): describes the mean of isolated bacteria from washing water 
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3.1.6. Chilling water:  
 Isolates from this source include enterobacteria and the genera 
micrococcus, staphylococcus, bacillus, pseudomonas and actinobacillus. 
(Table 2)  
 
Figure (6): Mean values of isolated bacteria from chilling water. 
Table (1) Frequency of isolation of aerobic bacteria from broilers 
processed in Khartoum North area according to source of samples 
Samples source Total No. of 
isolates (%) 
No. of Gram 
positive 
isolates (%) 
No. of Gram 
negative 
isolates (%) 
Live bird* 25 (15.4%) 11 (44%) 14 (56%) 
Hands* 29 (17.9%) 19 (65.5%) 10 (34.5%) 
Knives* 23(14.1%) 12 (52.2%) 11 (47.8%) 
Scalding water* 22(13.5%) 16 (72.7%) 6 (27.3%) 
Washing water* 30 (17.1%) 12 (40%) 18 (60%) 
Chilling water* 33(19.7%) 13(39.4%) 20(60.6%) 
             *No of samples examined 8 samples. 
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Table (2): Frequency of isolation of aerobic bacterial species from broilers processing operations 
Source of samples 
Bacterial species 
Live birds 
 
Hands 
 
Knives 
 
Scalding 
Water 
Washing 
Water 
Chilling 
water 
Micrococcus spp. 8/162 (4.9%)* 8/162 (4.9%) 8/162 (5.5%) 6/162 (3.7%) 6/162 (3.7%) 4/162 (2.4%) 
Staphylococcus spp. 2/162 (1.2%) 4/162 (2.4%) 2/162 (2.4%) 2/162 (1.2%) 2/162 (1.2%) 6/162 (3.7%) 
Bacillus spp 1/162 (0.6%) 7/162 (4.3%) 1/162 (0.6%) 8/162 (4.9%) 4/162 (2.4%) 3/162 (1.8%) 
Pseudomonas spp. 1/162 (0.6%) 1/162 (0.6%) 3/162 (1.8%) 1/162 (0.6%) 5/162 (3.0%) 3/162 (1.8%) 
Proteus spp. 1/162 (0.6%) 2/162 (1.2%) 2/162 (1.2%) 0/162 (0%) 3/162 (1.8%) 2/162 (1.2%) 
Actinobacillus spp. 2/162 (1.2%) 0/162 (0.6%) 0/162 (0%) 0/162 (0%) 1/162 (0.6%) 4/162 (2.4%) 
Cetrobacter spp. 2/162 (1.2%) 2/162 (1.2%) 0/162 (0%) 0/162 (0%) 2/162 (1.2%) 0/162 (0%) 
Aeromonas spp. 0/162 (0%) 1/162 (0.6%) 0/162 (0%) 0/162 (0%) 1/162 (0.6%) 2/162 (1.2%) 
Salmonella spp. 1/162 (0.6%) 0/162 (0%) 1/162 (0.6%) 0/162 (0%) 0/162 (0%) 3/162 (1.8%) 
E. coli 5/162 (3.0%0 4/162 (2.4%) 3/162 (1.8%) 1/162 (0.6%) 4/162 (2.4%) 3/162 (1.8%) 
Klebsiella spp. 2/162 (1.2%) 1/162 (0.6%) 2/162 (1.2%) 4/162 (2.4%) 3/162 (1.2%) 3/162 (1.8%) 
      *              no of isolates                % 
                            Total no.  of isolates 
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3.2. Aerobic bacterial load of broiler carcasses: 
3.2.1. Zero Day freezing : 
 The aerobic plate counts of broilers carcass rinsate of day zero(-20) 
ranged from log10  4.56_5.13 colony forming unit per milliliter (cfu\ml)    
with mean value of log10  4.85 cfu\ml.  
3.2.2. Seven day freezing: 
 The aerobic plate counts of samples examined after 7 days storage 
at -20  ranged from log10 3.85 to 4.42with mean value of log10 4.14 
cfu\ml. 
3.2.3. Fourteen dayfreezing: 
 The aerobic plate counts  of samples from carcasses kept frozen for 
14 days ranged from log10 3.27to 3.85with mean value of log10 3.56 
cfu\ml. Table 3 correlates between freezing and bacterial counts. 
Table (3) Effect of freezing storage (- 20C) on bacterial counts in 
broiler carcasses   
 
Bacterial count (log10 cfu/ml) Time (days) 
Mean  Minimum  Maximum  
Zero  4.8a 4.5 5.1 
7  4.1b 3.8 4.4 
14  3.5c 3.2 3.8 
 
a, b, c 
Means values in the same column having different superscript, differ 
significantly (P< 0.05).  
SE± 0.142 
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Figure (7): Effect of time of storage at-20Co on bacterial count of 
broiler carcasses 
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Table (4): Gram-positive bacteria isolated from broilers processing operations in Khartoum North area  
Source of sample 
Bacterial species 
Live birds 
 
Hands 
 
Knives 
 
Scalding water 
 
Washing water 
 
Chilling water 
 
Staphylococcus aureus 1/162 (0.6%)*b - - 1/162 (0. 6%)a - - 
Staphylococcus gallinarum 1/162 (0.6%)c 2/162 (1.2%)abc - - 1/162 (0.6%)b 1/162 (0.8%)a 
Staphylococcus chromogenens - 1/162 (0.6%)b - - - 3/162 (1.8%)a 
Staphylococcus epidermidis - 1/162 (0.6%)b - - - 3/162 (1.8%)a 
Bacillus budius - 2/162 (1.2%)abc - 2/162 (1.2%)abc 2/162 (1.2%)ab 3/162 (1.8%)a 
Bacillus mycoides - 2/162 (1.2%)abc - 2/162 (1.2%)abc - - 
Bacillus megaterium 1/162 (0.6%)c 3/162 (1.8%)ab 1/162 (0.6%)ab 4/162 (2.4%)a 2/162 (1.2%)ab - 
Micrococcus roseus 2/162 (1.2%)bc 2/162 (1.2%)abc 2/162 (1.2%)ab 2/162 (1.2%)abc 4/162 (2.4%)a 2/162 (1.2%)a 
Micrococcus kristinae 2/162 (1.2%) bc 2/162 (1.2%)abc 1/162 (0.6%)ab - 1/162 (0.6%)b 1/162 (0.6%) a 
Micrococcus varians 4/162 (2.4%)ab 3/162 (1.8%)ab 3/162 (1.8%) a 3/162 (1.8%)ab 3/162 (1.8%)b 1/162 (0.8%) a 
Micrococcus luteus - 1/162 (0.6%) bc 2/162 (1.2%) a 1/162 (0.6%) bc - 1/162 (0.6%) a 
*              no of isolates of species              % 
                        Total no of bacterial isolates  
         abc values having different super scripts are significantly different (P< 0.05).  
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Table (5): Gram-negative bacteria isolated from broilers processing operations in Khartoum Bahry area 
 
Source of isolaion sample 
Bacterial species 
Live bird Hands Knives Scalding water Washing water Chilling water 
E. coli 5/162 (3%)a 4/162 (4%) a 3/162 (1.8%) a 1/162 (0. 6%)bc 4/162(2.4%) a 3/162 (1.8%) a 
Klebsiella pneumonae 2/162 (1.2%) bc 1/162 (0.6%) bc 2/162 (1.2%)ab 4/162 (2.4%) a 2/162 (1.2%)ab 3/162 (1.8%) a 
Pseudomonas aeroginosa 1/162 (0.6%)c - 3/162 (1.8%) a 1/162 (0.6%) bc 4/162 (2.4%) a 2/162 (1.2%) a 
Pseudomonas malii - 1/162 (0.6%) bc - - 1/162 (0.6%)b 1/162 (0.6%) a 
Citrobacter koseri 2/162 (1.2%)c 2/162 (1.2%)abc - - 1/162 (0.6%)ab  1/162 (0.6%) a 
Proteus mirabilis 1/162 (0.6%) - 2/162 (1.2%)ab - 2/162 (1.2%)ab 1/162 (0.6%) a 
Proteus vulgaris - 1/162 (0.6%)ab - - 1/162 (0.6%) b 3/162 (1.8%) a 
Actinobacillus lgnieresii 2/162 (1.2%) bc - - - 1/162 (0.6%) b 1/162 (0.6%) a 
Actinobacillus suis - - - - - 1/162 (0.6%) a 
Aeromonas hydrophila - 1/162 (0.6%) bc - - 1/162 (0.6%)b 2/162 (1.2%) a 
Salmonella gallinarum 1/162 (0.6%)c - 1/162 (0.6%)ab - - 3/162 (1.8%) a 
         *         no of isolates               %  
           Total no of bacteria isolated 
abc values having different super scripts are significantly different (P< 0.05). 
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Table (6) Biochemical reactions of gram-positive bacteria isolated from 
broilers processing operations in Khartoum north  area:  
Characters Bacterial species 
1 2 3 4 5 6 7 8 9 10 11 1
2 
13 14 
Staphylococcus aureus + + - F - NT + + + - + + + + 
Staphylococcus gallinarum + + - F - NT - + - + + - + + 
Staphylococcus auriclaris + + - F - NT - + - - - - - - 
Staphylococcus 
epedermidis 
+ + - F - NT - + + - - + + + 
Staphylococcus 
chromogenes 
+ + - F - NT - + + - + - + + 
Bacillus cereus + + + - + C NT - - - - + - + 
Bacillus mycoides + + + F + C NT NT - - - + + + 
Bacillus megatreium + + + - + C NT NT - + - - + + 
Bacillus budius + + + F + T NT - - - - - - - 
Micrococcus kristinae - + + O _ NT NT + - - NT + NT - 
Micrococcus roseus + + + - - NT NT - NT NT NT - NT + 
Micrococcus varians - + + O - NT NT + - NT NT - NT + 
Micrococcus luteus - + + O - NT NT - - NT NT - NT + 
 
 
Keys: + = Positive reaction, _ = Negative reaction, F = Fermentative, O = 
Oxidative, NT =Not tested, C = Central spore, T = Terminal spore. 
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1 = Glucose, 2= Catalase, 3 = Oxidase, 4 = O\F, 5 = Motility, 6 = Spore 
forming, 7 = Coagulase, 8 = Sucrose, 9 = Lactose, 10 = Xylose, 11 = Manitol, 
12 = VP, 13 = Urease, 14 = Nitrate 
 
 
Table (7) Biochemical reactions of gram negative bacteria isolated from 
broilers processing operations in Khartoum  
North area 
Characters Bacterial species 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
E. coli + + _ F + + + + + + + _ _ _ + _ 
Klebseilla 
pneumoniae 
+ + _ F _ + + + + + + + _ _ _ + 
Pseudomonas 
aeruginosa 
+ + + _ + _ _ _ _ _ + + _ _ + + 
Pseudomonas 
maliie 
+ + + O _ _ _ + _ _ _ + N
T 
_ NT _ 
Citrobacter 
koseri 
+ + _ F + + + + + + + + _ + + + 
Proteus vulgaris + + _ F + + _ + + _ + + _ + + _ 
Proteus 
mirabilis 
+ + _ F + _ _ _ _ _ + + _ + _ + 
Actinobacillus 
lignieresii 
+ + + F _ + + + _ _ + + N
T 
+ _ _ 
Actinobacillus 
suis 
+ + + F _ + + + + _ + + N
T 
+ _ _ 
Aeromonas 
hydrophila 
+ + + F + + _ _ + NT NT _ + NT + _ 
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Salmonella 
gallinarum 
+ + _ F _ _ _ + _ + _ _ _ + _ _ 
 
Keys: + = Positive reaction, - = Negative reaction, F = Fermentative, O = 
Oxidative, NT =Not tested.  
1= Glucose, 2= Catalase, 3 = Oxidase, 4 = O\F, 5 = Motility, 6 = Sucrose, 7 = 
Lactose, 8 = Maltose, 9 = Salicin, 10 = Sorbitol, 11 = Xylose, 12 = Urease, 13 
= VP , 14 = H2S, 15 = Indole, 16 = Citrate 
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Chapter four 
Discussion 
Poultry meat can be contaminated with a variety of microorganisms. 
While heavy contamination  shortens the shelf- life of carcasses, some of these 
contaminants may be frank or potential pathogens to the consumers.  
In this study we attempted to highlight the nature of bacterial 
contamination associated with traditional broiler processing methods from 
four small scale farms located in Khartoum North, Sudan between March – 
December, 2006.  
The highest recovery rate of bacteria was obtained from chilling water 
(19.7%) and  hands of workers   (17.9%) which seemed to be the  main 
sources of both food-borne and spoilage microorganisms . While the lowest 
recovery rate was reported from knives (14.1%) and scalding water (13.5%) . 
    There was a significant difference (P≤0.05) in the frequency of 
isolation of different species of bacteria between the different sources 
investigated. These differences may be due to change of temperature of water 
at time of sampling and sampling methods.  
In the present study the isolation of bacteria from live birds, hands of 
workers, knives,  scalding , washing and chilling water samples was 
performed without pre-enrichment and the identification of isolates was made 
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by conventional methods, hence, it is possible that some microorganisms were 
missed and the detection of bacteria was not complete.  
Staphylococcus spp. were detected in all stages of slaughtering process 
with high incidence in chilling water (3.7%) and hands of workers (2.4%).These 
findings agree with Notermans et al. (1982) who stated that contamination with 
Staphylococcus spp. increases during the different processing steps. 
Klebsiella spp. were isolated from live birds with high incidence in 
scalding water (2.4%). This is in agreement with Jemenez et al.(2003) who 
suggested that the most likely sources of the organism is the intestinal content of 
birds being processed. The presence of the organism in scalding water at about 
60oC  may be attributed to the mucoid nature of the bacterial cell wall which 
resist high temperature. 
   Escherichia coli was the most commonly isolated Gram-negative 
bacteria with the highest incidence in live birds samples (3%) and hands of 
workers (2.4%) . Results suggests that although the main source  of the 
organism is the live bird, hands of workers may be of signigicant  importance 
in the spread of the organism. Similar result was reported by Jemenez et 
al.(2003). 
Salmonella gallinarum  was detected from broilers processing 
operations by Corry and Ataby (2001). In this study salmonella gallinarum  
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was isolated from live birds (0.6%), knives (0.6%) and from chilling water 
(1.6%). These findings agree with Bhargava et al. (1983) , who isolated 
salmonellae from live birds, processing equipments and water samples.   
Pseudomonas aerugenosa was detected more frequently in washing and 
chilling water and less numbers were recovered from live birds and hands of 
workers. It is possible that the source of the organism is the water, rearing 
house and\or broilers environment. Similar findings were reported by                   
Hinton et al. (2004).  
Aeromonas spp. was recovered from hands of workers, washing and 
chilling water  which suggests that scalding and picking steps are more likely  
to be the sources of contamination, similar results were stated by                    
Hinton et al ,(2004),   
Barbosa et al.(2005) isolated Bacillus megaterium and Bacillus 
mycoides from fecal samples which is probably their main source. The 
organism was present in samples from hands, scalding and chilling water 
.Sporulation probably allowed the organism survive in the scalding water.  
Micrococcus spp. were the most prevalent organism in all stages of 
processing . Although results revealed the live bird as the primary source of 
the organism, it is spread due to mishandling of carcasses leading to the 
spoilage of carcass as stated by Gracey and Collins (1994).  
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A group of Gram-negative bacteria including Proteus spp.  Citrobacter 
spp.  and Actinobacillus spp. were detected in this study .These organismis 
can contribute to chicken meat spoilage as stated by Gracey and Collins 
(1994).  
In the present study the high incidence of bacteria in hands of workers  
and chilling water may be due to the repetition  of processing steps in a way 
that permit the spread of contaminating bacteria throughout the process and 
accumulating  at the final step, a fact that highlights these steps as critical 
control points in broilers production. 
Bacterial isolation attempts revealed different microbial populations 
ocurring during principal stages of processing investigated,  including 
pathogenic bacteria namely Salmonella ,  E. coli ,  Klebsiella and 
Staphylococcus  and spoilage bacteria including  Pseudomonas and 
Aeromonas, the results obtained  is in agreement  with Panisello et al.( 2000) 
who stated that processed broiler carcasses and raw poultry products are 
frequently contaminated with pathogenic micro-organisms of public health 
significance. Thomas and McMeekin (1980) and Fries and Graw (1999) 
declared that spoilage bacteria are routine inhabitants of the immersion chiller 
water and chiller ice. Furthemore, Hinton et al. (2004) found that bacterial 
cross contamination of carcasses occurs during all stages of processing and 
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that some bacteria can survive processing and proliferate on carcasses during 
refrigerated storage.        
Feather, skin, feet and alimentary tract of live broilers entering 
commercial processing facilities are heavily contaminated with a diverse 
native microbial flora (Koutla and Pandya., 1995). Although processing 
generally reduces microbial contamination of broiler carcasses (Geornaras and           
Von-holley. 2000), cross contamination between carcasses, processing water 
and equipment may actually increase the level of carcass contamination during 
some processing steps (Thomas and McMeekin., 1998; Fries and Graw., 
1999). 
It is possible that the level of contamination is dependent on the 
microbial profile of flocks or loads of live birds presented for slaughter. 
Therefore, the farm of origin or conditions during processing may be more 
significant in reducing the level of carcass contamination. 
Aerobic bacterial load of broilers carcasses frozen for Zero, 7 and                   
14 days were determined, according to the results there is  a  significant 
reduction on aerobic bacterial load on carcasses with freezing period. This is 
in agreement with  Stern and  Robach. (2003) who stated that chilling 
procedures are effective in lowering the temperature of broiler carcasses and 
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have been shown to substantially reduce numbers of carcass-associated total 
aerobic bacteria. 
 Examination of the effect of broiler processing to carcasses under study 
unfortunately revealed failure in reduction of bacteria and  some  bacterial 
genera appear later in certain stages which seemed to be related to poor 
personnel hygiene, contaminated environment, equipment and the system 
employed in processing which is in agreement with Abu- Ruwaida et al. 
(1994) who found that microbial status of processed poultry carcasses depends 
on the level of contamination from live birds and the extent of occurrence of 
contamination and cross contamination during processing. 
Therefore, the farm of origin or conditions during live bird processing 
may be significant factors in determining the bacterial level of contamination 
on processed carcass. 
Finally, the study demonstrated that good hygienic practices in the farm 
should be considered at all times an incorporated as a part of an effective 
control system. Proper hygiene should minimize exposure of carcasses to 
faecal material and potential pathogens and reduce opportunities for cross 
contamination to occur.   
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Recommendations 
 
According to the results obtained from this study we recommend to:  
∗ Separate slaughtering area from rearing houses to prevent transmission 
of contaminants. 
∗  Implementation of strict biosecurity measures in the farms during 
rearing time and between flocks. 
∗ Establishment of specialized slaughter houses and modernization of 
processing operations. 
∗ Control of feed stuff production to insure its microbiological safety. 
∗ Prevention of contamination in the different stages of chicks production 
(hatcheries, transport crates, loading vehicles, etc). 
∗ Monitoring of the personal sanitation and working equipments. 
∗ More work should be done to determine the critical hazardous points 
throughout the broiler process. 
∗ Implementation of the HACCP concept in the broiler process to 
improve the quality of broilers production.  
∗ Washing of hands of workers in farm and kitchen, and knives after each 
use and wearing of protective clothes. 
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